We have proposed a mechanochemical theory for the FjATPase motor [2] . The theory was based on enzyme kinetics 
A. Energy Transduction in the A TP-Juelled Biomolecular Motors
The ATP-fuelled molecular motors are intrinsically ATP synthase (ATPase) proteins. Their power source comes from the ATP hydrolysis (or synthesis) reaction,
A core question is how these biomolecular motors harness the free energy from this simple reaction to generate forces and drive the entire motor in directional motions [1] . The tight coupling between ATP hydrolysis and the mechanical steps is the foundation of the mechanochemical mechanisms. This is important also because of the essential roles of bimolecular motors in energy transduction, regulation of metabolism and other cellular functions.
B. Mechanochemical Mechanism ofBiomolecular Motors
In 
III. MASTER EQUATIONS FOR THE MECHANOCHEMISTRY
To solve the mechanochemical processes from ATP reactions to the micro stepping/rotating motions, we set up the following theory based on enzyme kinetics and modified Langevin dynamics.
A . Pathway of Conformational Changes
Under cellular physiological condition (either in vivo or in vitro), the pathway of conformational changes [3] [4] [5] of the active subunits of the ATP-fuelled molecular motors are found to be,
A.? PI ADP
where MM refers to the enzymatic molecular motor. The 
B. Enzymetic Kinetics
To interpret Eq. (2) in terms of kinetics under a steady equilibrium, where the steps of forces and motions are coupled with the chemical reaction cycles, we derived the kinetics equations [2] , (a) for a linear molecular motor I I dp \ == 0, / dp \ == (,v \ dt Ir \ dt Ix < fB (t) >== 0, < fB (t)fB (t ') >== 2kBT ((j(t -t ') (b) for a rotating molecular motor
< 'T B(t) >== 0,< 'T B(t)'T B(t') >== 2kBT((j(t -t')
(5b) to the diffusion constant of the motors' active subunits. and it will have some energy dissipation, such as heat dissipation. As discussed previously, R is the overall A TP hydrolysis rate of the motor. In Eq. (6), the chemical energy released from ATP hydrolysis reactions is given by [9] ,
D. When Molecular Motors Drive a Load
with Go � -50.74 pN.nm for the free energy released from the hydrolysis of a single A TP molecule at pH = 7 at 25°C. 
A. Linear Kinesin Driving a Bead
Kinesin is a motor walking hand-over-hand along the microtubules (as shown in the inset of Figure 1 ) [4, 5, 7] . It was found that kinesin walks at the processive step of 8 nm/step while dragging different loads of beads [7] . The maximum velocity of stepping was estimated up to 800 nm/sec. dramatically. This will help to control, manipulate and fabricate biomolecular motors, and harness their potential into useful nanolbio-technological applications.
